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with application of the optimization technique when 
compared to the clinical treatment plans. Secondary 
optimization of the brainstem with the urgent sparing factor 
was able to increase further sparing to the brainstem by up 
to 9.8%, with a subtle effect on the sparing of the remaining 
of the structures. In addition, PTV coverage was maintained 
to the same degree as the delivered treatment. 
 
Conclusion: The geometric optimization method allows 
enhancement of the existing arc geometries, resulting in 
significant improvements in OAR sparing, without increase to 
required treatment planning or delivery time. 
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Purpose or Objective: As patients with craniopharyngiomas 
make good prognoses and as pediatric patients seem to be 
more sensitive to radiation than adults, irradiation of normal 
tissue should be minimized. Recent studies suggest that 
radiation-induced injuries to the hippocampus play important 
roles in compromising neurocognitive functioning for patients 
with brain tumors and it could be important to spare the 
hippocampus using modern planning methods for patients 
with craniopharyngiomas. In terms of radiation techniques, 
3D conformal external beam radiotherapy delivered using 
dynamic conformal arc therapy (DCAT) and volumetric-
modulated arc therapy (VMAT) are clinically employed to 
treat for patients with craniopharyngiomas. While the use of 
non-coplanar beams in VMAT of malignant intracranial tumors 
has recently been reported, no dosimetric comparison has yet 
been made between VMAT using non-coplanar arcs (ncVMAT) 
and VMAT employing only coplanar arcs (coVMAT) among 
patients with craniopharyngiomas. We performed a planning 
study comparing dose distributions to the planning target 
volume (PTV), hippocampus, and other organs at risk (OAR) 
of DCAT, coVMAT, and ncVMAT. 
 
Material and Methods: DCAT, coVMAT, and ncVMAT plans 
were created for 10 patients with craniopharyngiomas. The 
prescription dose was 52.2 Gy in 29 fractions, and 99% of 
each PTV was covered by 90% of the prescribed dose. The 
maximum dose was held below 107% of the prescribed dose. 
CoVMAT and ncVMAT plans were formulated to satisfy the 
following criteria: the doses to the hippocampus were 
minimized, and the doses to the OAR were similar to or lower 
than those of DCAT. 
 
Results: The mean equivalent doses in 2-Gy fractions to 40% 
of the volumes of the bilateral hippocampus 
[EQD2(40%hippos)] were 15.4/10.8/6.5 Gy for 
DCAT/coVMAT/ncVMAT, respectively. The EQD2(40%hippos) 
for ncVMAT were <7.3 Gy, which is the threshold predicting 
cognitive impairment, as defined by Gondi et al.. The mean 
doses to normal brain tissue and the conformity indices were 
similar for the three plans, and the homogeneity indices were 
significantly better for coVMAT and ncVMAT compared with 
DCAT. 
 
 
 
 
Conclusion: NcVMAT is more appropriate than DCAT and 
coVMAT for patients with craniopharyngiomas. NcVMAT 
significantly reduces radiation doses to the bilateral 
hippocampus (to 50% that of the DCAT) without increasing 
the doses to normal brain tissue and other OAR. 
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Purpose or Objective: Advances in delivery techniques like 
intensity modulated radiotherapy (IMRT) and volumetric 
modulated arc therapy (VMAT) facilitated increased 
treatment plan complexity, leading to the inclusion of more 
organs-at-risk (OARs) for sparing. Initial treatment planning 
